Arising from the aorta, the right (RCA) and left (LCA) 
INTRODUCTION
The heart has its own unique arterial supply provided by the coronary arteries [24] . Branching from the aorta, the right (RCA) and left (LCA) coronary arteries supply the myocardium and epicardium of the heart [24] . Arising from the right aortic sinus, the RCA descends in the coronary sulcus [23] . The RCA gives off a right marginal branch, running towards the apex of the heart, before proceeding to the posterior aspect of the heart [24] . The RCA then passes through the crux (interatrial and interventricular junction) of the heart and gives rise to the posterior interventricular branch (PIB), before terminating in the coronary sulcus [24] .
Arising from the left aortic sinus, the LCA traverses the coronary sulcus for a short distance before dividing into two or three branches at the atrioventricular groove [24, 29] . The anterior interventricular branch (AIB) of the LCA runs towards the apex and gives off a diagonal branch. The circumflex branch (CX) of the LCA gives off a left marginal branch and then terminates on the posterior aspect before reaching the crux [24] . The coronary artery from which the PIB arises is referred to as the dominant artery, and it is usually the RCA (60%) [29] . Codominance (2.5%) occurs when both the CX and the RCA provide a PIB [6] . The posterior part of the ventricular septum and often part of the posterolateral wall of the left ventricle is supplied by the PIB [29] .
One of the rarest congenital anomalies of the coronary arteries is the double or split RCA [2, 10] . There is still controversy with respect to the definition and correct diagnosis of the split RCA [2] . The double or split RCA has been described by several proposed concepts [10] .
Gupta et al. [17] was the first to report incidence of a double RCA. In their study, the two vessels arose from separate adjacent coronary ostia with the smaller vessel providing the PIB and the larger vessel continuing as the right marginal branch [23] . Nair et al. [26] described a double RCA arising from a single coronary ostium where both vessels of the RCA ran parallel in the right atrioventricular groove and crossed the crux of the heart. In 2007, Kunimasa et al. [22] described a double RCA arising from a single ostium and supplying blood to the interventricular septum. Both vessels coursed in the interventricular sulcus but did not cross the crux. Lemburg et al. [23] described a true double RCA, of which both vessels had similar diameters and originated from two separate adjacent coronary ostia in the right coronary sinus. Double RCA were also described as two separate branches of the RCA in the atrioventricular groove running closely together for half the course of the RCA [23] . In addition, the double RCA can originate from a single proximal trunk or separate orifices from the right aortic sinus and can exhibit two distinct PIBs or a single PIB [25] . Sawaya et al. [27] and Andreou [5] described the double or split RCA as containing only split portions of the PIB, not two RCAs, with separate proximal courses.
Certain geometric features may predispose vasculature to atherogenesis due to their effect on the local flow field [13] . Two different geometric shapes of the RCA, viz. C-shaped and sigma-shaped (S-shaped), have been described using coronary angiography [13, 16] . C-shaped RCA's have been found to be associated with atherosclerosis in their proximal-middle region [13] . In this proximal-middle area, the flow pattern is characterised by low shear stress along the inner wall and maximal difference of shear stress between the inner and outer walls hence making it an apt environment for the formation of atherosclerotic plaques [13] . Dvir et al. [13] found C-shaped RCA's to be more associated with atherosclerosis than S-shaped RCA's due to the geometrical disposition of the C-shaped RCA.
The LCA usually divides into two branches; however, a third branch known as the median or intermedian artery is known to exist [7, 11] . The median artery can arise from the LCA or the proximal part of the AIB or CX arteries [7, 11] . It traverses the sternocostal surface of the left ventricle and is distributed around the middle area between the base and apex of the heart [7, 11] .
Isolated absence of the LCA occurs when the AIB and CX arteries arise directly from the left aortic sinus as opposed to bifurcating from a common trunk [6] . The distribution patterns of the vessels are otherwise normal and this anomaly is more prevalent in the presence of aortic valvular disease and LCA dominance [20, 31] . Instances where the AIB and CX arteries originate outside the left coronary sinus or ectopically is known as secondary absence of the LCA [6] .
This study aimed to document the relationship between the morphology of the RCA and LCA, including their branching patterns and the shape of the RCA. In addition, the prevalence of an absent LCA and split or double RCA will be documented using coronary angiograms.
MATERIALS AND METHODS
This retrospective study included a review of 500 human coronary angiograms acquired from the cardiac catheterisation laboratory of a private hospital in KwaZulu Natal, Durban, South Africa. Of these angiograms, 293 were males and 207 were females with a racial distribution of 354 Indian, 103 white and 43 black patients. The branching patterns of the LCA and RCA were documented, including coronary arterial dominance. The RCA was divided into types using an original classification system formulated by the authors. The types were classified according to the absence or presence of a split RCA and the arterial dominance. RCA type A occurred when a single RCA was present, type B was a split RCA with left dominance, type C was a split RCA with co-dominance and type D was a split RCA with right dominance. The LCA was classified into types adapted from Tomar et al. [30] , and Chougule et al. [11] . The types were classified according to the branching pattern and the absence or presence of the LCA. The LCA type A occurred when the LCA bifurcated into AIB and CX arteries; type B occurred when the LCA trifurcated into AIB, median and CX arteries; type C was categorised as quadrifurcating into AIB, two median arteries and a CX artery; type D occurred when the LCA was absent and the AIB and CX arteries originated separately from the aortic sinus and type E occurred when the LCA was absent and the AIB, median and CX arteries arose from the left aortic sinus.
The shape of the RCA was also documented and classified as either C-shaped or S-shaped adopted from Gungor et al. [16] . The relationship of the anatomy of the RCA and LCA was evaluated. In addition, the presence of coronary variations such as double or split RCA and absent LCA was documented. The RCA was classified as double or split when two separate branches of the RCA were found running together for at least half the course of the RCA [23] . A split RCA could originate from either a single proximal trunk or separate orifices [25] .
Statistical analysis
Statistical analysis was performed using Stata 13.0 SE (StataCorp. 2013). Stata Statistical Software: Release 13. College Station, TX: StataCorp LP). Pearson's c 2 test was implemented and a p value of less than 0.05 was deemed statistically significant. Ethical clearance was obtained from the Biomedical Research Ethics Committee of the University of Kwazulu-Natal (BE044/15).
RESULTS
The RCA and LCA were each classified into types according to their branching patterns, arterial dominance and the absence or presence of the LCA and split RCA (Table 1) .
Right coronary artery
A single RCA (type A) was present in 95.8% (479/500) and a split RCA was found in 4.2% (21/500) of cases. Type B (split RCA with left dominance) occurred in 3.6% (18/500) of cases. type C (split RCA 
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Type E Absent trifurcation (Table 1) .
Left coronary artery
The LCA was present in 88.2% (441/500) and absent in 11.8% (59/500) of the sample examined. The LCA was divided into types according to its branching patterns, arterial dominance and absence or presence of the LCA. When the LCA was present, LCA type A (bifurcation of the LCA) occurred in 65.8% (329/500) of cases. Type B (trifurcation of the LCA) occurred in 20.4% (102/500) of cases and type C (quadrifurcation of the LCA) had a prevalence of 1.6% (8/500). When the LCA was absent, type D (bifurcation) occurred in 10.8% (54/500) of cases and type E (trifurcation) was recorded in 1.4% (7/500) ( Table 1) . When the LCA was present, split RCA occurred in 3.4% (15/441) and when the LCA was absent, split RCA occurred in 10.2% (6/59).
In 85.2% (426/500) angiograms, a single RCA occurred with an LCA presenting normal coronary anatomy. This occurred in 87% (255/293) males and 84% (174/207) females. A single RCA with an absent LCA occurred in 10.6% (53/500) of the angiograms and this occurred in 10.2% (30/293) males and 11% (23/207) females. The splitting of the RCA with the LCA present occurred in 3% (15/500) angiograms (Fig. 1) . This occurred in 8 males and 4 females. The concomitant splitting of the RCA with an absent LCA occurred in 1.2% (6/500) of the angiograms (Fig. 2) . This occurred in 1 male and 5 females. With respect to the shape of the RCA, 68% (340/500) was found to be C-shaped and 32% (160/500) S-shaped. C-shaped occurred in 66.6% (195/293) males and (Table 2) .
DISCUSSION
An extensive literature review revealed that most studies have either evaluated the anatomic variations of the RCA or LCA independently. This study found an incidence of 4.2% for double or split RCA which corresponded more closely to Angelini et al. [6] , who documented 1.23%, than Erbagci et al. [14] , and Kunimasa et al. [22] , who found 0.01% and 0.07%, respectively. Due to its rarity, the split RCA is more frequently described in case reports (Table 3) .
The incidence of absent LCA in the present study was 11.8%. This was similar to the study by Ajayi et al. [1] who reported an incidence of 9.6% of an absent LCA. However, this incidence is considerably higher than Yamanaka et al. [31] (0.41%), Angelini et al. [6] (0.47%) and Altin et al. [3] (0.9%) ( Table 4) . This study, however, aimed to investigate the RCA in conjunction with the LCA, with a focus on a split RCA and absent LCA. The Pearson c 2 test showed that there is a significant correlation between the split RCA and absent LCA (p < 0.05). A split RCA occurred more often in the absence (10.2%) than the presence (3.4%) of the LCA. Bogers et al. [8] showed that coronary vessels develop by ingrowth towards their orifices on the ascending aorta which differs from the previous assumption that coronary arteries are formed by outgrowths from the aorta and the systemic venous sinus, respectively. Ajayi et al. [1] suggested that the high prevalence of split RCA in hearts with absent LCA may be due to the occurrence of the fast ingrowth of the primitive coronary vascular network in both the left and right coronary vascular tree. The branches of the RCA may have joined to form a single trunk while approaching the right coronary ostium due to fast ingrowth in such hearts. The present study corroborated their finding with the significant correlation between the absent LCA and split RCA.
The normal anatomy of the coronary arteries was present in 85.2% of hearts and the right coronary system provided the most prevalent arterial dominance which was 70.4%. Single RCA with an absent LCA was found in 10.6% of the angiograms and the RCA was dominant in 6.6%. The presence of the LCA with the splitting of the RCA occurred in 3% of the angiograms and the LCA was dominant in 1.8% of these angiograms. The concomitant absence of the LCA with splitting of the RCA was present in 10.2% of the angiograms with absent LCA. In these cases, left dominance was observed in all hearts and this variation was observed in more females (83.3%) than males (16.6%). This was lower than Ajayi et al. [1] , who found 20.5% of hearts presenting a split RCA with and an absent LCA. This study found left dominance to be more prevalent in the presence of a double or split RCA (85.7%).
With regard to the shape of the RCA, 68% was found to be C-shaped and 32% S-shaped. This was similar to the result of Demirbag and Yilmaz [12] who found 65.7% C-shaped and 34.3% S-shaped. It differed with the report of Dvir et al. [13] , who recorded S-shaped to be more prevalent than Cshaped (30% C-shaped and 70% S-shaped) as well as Gungor et al. [16] , who found a higher incidence of C-shaped (84.9% C-shaped and 15.1% S-shaped). C-shaped RCAs have been found to be associated with atherosclerosis and coronary artery disease [13, 16] . Dvir et al. [13] in 2003 postulated that the bend in the middle region of an S-shaped RCA accounts for a different hemodynamic pattern, and consequently a lower susceptibility to atherosclerotic disease.
CONCLUSIONS
This study found a significant correlation between split RCA and absent LCA with the splitting of the RCA more prevalent in the absence than presence of the LCA. With the advent of coronary angiography and cardiopulmonary bypass surgery in-depth knowledge of coronary arterial anatomy and associated anomalies is of great importance. 
